SUMMARY. We compared the recovery of left ventricular segmental function with long-term reperfusion after two periods of coronary artery occlusion in conscious dogs to determine the relationship between the severity and duration of a temporary ischemic insult and the potential for recovery of contractile function. Twenty-seven awake dogs, previously instrumented with ultrasonic crystals for measuring regional left ventricular net systolic wall thickening, underwent 2 (group I) or 4 (group II) hours of left anterior descending coronary artery occlusion, followed by 1 month of reperfusion. Dogs were studied 24 hours after reperfusion and at weekly intervals for 1 month, after which the contractile reserve of left ventricular segments was assessed by their response to dopamine and postextrasystolic potentiation. The myocardial infarctions produced in the experimental model were relatively small. Left ventricular segments were classified by their severity of contractile dysfunction 1 hour after left anterior descending occlusion: class 1, >67% pre-occlusion net systolic wall thickening; class 2, 0-66.9%; class 3, <0% (paradoxical thinning). Class 1 segments in both groups showed trivial changes in net systolic wall thickening and regional myocardial blood flow (measured with 9-15 jtm microspheres) with left anterior descending occlusion and reperfusion. Class 2 segmental net systolic wall thickening was 32 ± 5 (SEM) and 30 ± 4% of control (P < 0.005 vs. control values) 1 hour after left anterior descending occlusion in groups I and II, respectively; endocardial blood flow to these segments decreased 56 ± 13% and 49 ± 12% (P < 0.05 vs. control values). Class 3 segments displayed severe dyskinesis (net systolic wall thickening = -43 ± 6% and -33 ± 5%, groups I and II) and reductions in endocardial blood flow during left anterior descending occlusion [-81 ± 10% and -78 ± 8% (P < 0.05)]. Segmental function of class 2 and 3 segments in group I dogs improved significantly with long-term reperfusion, attaining values of net systolic wall thickening of 66 ± 9 and 26 ± 9% control, respectively, at 1 month. Mean values of net systolic wall thickening attained by class 2 and 3 segments in this group during postextrasystolic potentiation were 93 ± 7 and 50 ± 13, respectively. In contrast, the net systolic wall thickening of class 2 segments in group II dogs did not change significantly with long-term reperfusion (net systolic wall thickening = 37 ± 12 at 1 month) and the average net systolic wall thickening attained by these segments with postextrasystolic potentiation was 51 ± 10%. Class 3 segments in group II dogs underwent a reversal of paradoxical thinning, but were essentially akinetic (net systolic wall thickening = 12 ± 12%) after 1 month of reperfusion and did not demonstrate significant inotropic reserve. The extent of segmental necrosis paralleled the degree of contractile dysfunction in the three segment classes, but was not significantly different between groups I and II. Similarly, macrohistochemically determined area-at-risk and gross infarct size were not different between the two groups of dogs. Thus, reperfusion after 2 hours of left anterior descending occlusion eventually improves the contractile function at sites of moderate and severe dysfunction, whereas long-term reperfusion after 4 hours of left anterior descending occlusion does not restore contractile function to class 2 segments significantly, nor does it restore important degrees of contractile function to severely dyskinetic segments. These differences in recovery of contractile function apparently are not attributable to greater segmental necrosis, larger areas of infarction, or ultimate alterations in segmental coronary blood flow. (Circ Res 53: 248-263, 1983) 
THE influence of reperfusion on the extent of evenperfusion exerts important beneficial effects (Meertual myocardial ischemic injury has received much baum and Corday, 1975) . This controversy probably attention in recent years, but disagreement exists is the result of differences in experimental methodregarding the duration of ischemia after which reology (e.g., species differences, anesthetized vs. un-anesthetized preparations) as well as of variations in the duration of the observation period after reperfusion. In general, those who have studied the effects of reperfusion in short-term experiments report little beneficial effect (Banka et al., 1974; Lang et al., 1974) , whereas evaluations in long-term studies have revealed that restoration of blood flow salvages significant amounts of myocardium from irreversible injury (Ginks et al., 1972; Theroux et al., 1976; Constantini et al., 1975) . Recently, emphasis has focused upon the recovery of contractile function of reversibly injured myocardium (Theroux et al., 1976; Roan et al., 1979; Kloner et al., 1981) . It has been shown that complete recovery of contractile and biochemical function of myocardium subjected to brief periods (less than 60 minutes) of ischemia requires several days (Kloner et al., 1981; Swain et al., 1982) . However, few studies have examined the long-term influence of reperfusion after longer periods (several hours) of coronary artery occlusion. Theroux et al. (1976) have described the alterations of "marginal' and 'central' ischemic segments after 1 month of reperfusion following 2 hours of coronary occlusion in a small number of awake, but sedated, chronically instrumented dogs.
The role of coronary arterial spasm (Hillis and Braunwald, 1978) and thrombosis (Buja and Willerson, 1981; Oliva, 1981) in the pathogenesis of acute myocardial infarction is becoming increasingly recognized. In view of this and the growing attention that has focused upon surgical and pharmacological revascularization of ischemic myocardium (Rentrop et al., 1981) , it is important to determine the potential of reperfusion for reversing ischemia-induced contractile dysfunction, and to identify the duration of occlusion after which coronary reperfusion does not restore physiologically important levels of contractile function. Accordingly, we evaluated the ability of long-term reperfusion to reverse regional left ventricular (LV) segmental dysfunction after two durations of experimental coronary artery occlusion in conscious dogs, previously instrumented with sonar crystals for measuring LV segmental wall thickening Roan et al., 1979) . Previous studies by Roan et al. (1979) using a model of fixed left anterior descending (LAD) occlusion have indicated that severely dyskinetic segments lose their contractile reserve after approximately 2 hours of LAD occlusion, whereas hypokinetic segments retain this capacity for 24 hours. We, therefore, hypothesized that: (1) 2 hours may approximate the time limit of occlusion after which reperfusion cannot effect major improvements of contractile function to severely dysfunctional segments, (2) moderately dysfunctional segments may tolerate longer ischemic periods before irreversible contractile dysfunction occurs, and (3) significant improvement of segmental function may require longer reperfusion periods than usually allowed in studies of this nature.
Methods

Surgical Preparation
Mongrel dogs (22-30 kg) of either sex were anesthetized with sodium pentobarbital (30 mg/kg, iv) and ventilated artificially with room air delivered by a Harvard respirator via a cuffed endotracheal tube. During sterile surgery, a thoracotomy was performed in the 5th left intercostal space and the heart was suspended in a pericardial cradle. A Konigsberg pressure transducer was inserted into the left ventricular cavity through an apical stab wound and another catheter was inserted into the left atrium for monitoring pressure and injecting tracer microspheres. A segment of the LAD coronary artery just distal to the first diagonal branch was gently dissected away from the epicardium and an inflatable balloon occluder placed around it (Roan et al., 1981) . The LAD was occluded briefly to confirm the competence of the pneumatic occluder and to identify the ischemic area of the LV as the area of cyanosis developing over the anterior LV (Karlsson et al., 1973; Roan et al., 1979) . Four to five pairs of 5 MHz pulsetransit piezoelectric crystals for measuring segmental systolic wall thickening were placed in the central and interface regions between cyanotic and noncyanotic LV and another pair of crystals was sometimes placed in the high lateral LV wall.
The technique for measuring left ventricular wall thickness with ultrasonic crystals has been described previously by us (Roan et al., 1979) and other investigators Osakada, et al., 1980) . Epicardial crystals, attached to small (1-cm 2 ) dacron patches, were sutured to the epicardial surface, while the smaller endocardial crystals were inserted into the subendocardium obliquely so as not to disturb the intervening myocardium. Placement of the endocardial crystals was guided by obtaining an optimal signal which was displayed on an oscilloscope (Theroux et al., 1974) , and the crystal wire was secured with a purse string suture at the point of exit from the epicardium. In addition, epicardial pacing wires were attached to the surface of the right ventricle near the outflow tract. All wires and catheters were tunneled between the scapulae and exteriorized through two small incisions at the base of the neck. The chest was closed in layers and any pneumothorax was eliminated by suction drainage of the chest cavity. Dogs were allowed to recover for at least 1 week before experimental study. One or 2 days before the study, under brief thiamylal-induced anesthesia, polyethylene catheters were placed in the common carotid artery and external jugular vein to measure arterial blood pressure and administer drugs and/or fluids.
Study Protocol
After a sufficient recovery period and acclimatization to a standing sling, dogs were studied in the awake, unsedated state. Control measurements of aortic, LV, and atrial pressures and a lead II ECG were recorded on an Electronics for Medicine model VR-12 physiological recorder. The maximum rate of rise of LV inrracavitary pressure (peak LV dP/dt) was obtained by electronic differentiation of the LV pressure pulse. Measurements of LV wall thickness were recorded on a Hewlett-Packard 8-channel recorder interfaced with a Tektronix (model 465) oscilloscope. Regional myocardial blood flow (RMBF) was measured with carbonized microspheres (9-15 nm in diameter) labeled isotopically with '"I, 46 Sc, 1J SN, 85 Sr, 95 Nb, and 57 Co. Microspheres, suspended in 0.05% Tween-80, were agitated vigorously by vortexing just before injection. One to 3 million microspheres were injected into the left atrium over an 8-to 10-second period. Starting 10 seconds before, and continuing for 90 seconds after microsphere injection, reference arterial blood was withdrawn from the carotid artery at a constant rate of 7.8 ml/min with a Harvard infusion/withdrawal pump. The order of the isotopes used was changed randomly. Dogs underwent either 2 (group I) or 4 (group II) hours of LAD occlusion, produced by inflating the pneumatic balloon occluder around the LAD. Dogs were excluded from study if inflation of the occluder caused no change at any site at which wall thickness was measured, or if large, spontaneous improvement or reversal of dyskinesis occurred during LAD occlusion, suggesting unsuccessful or incomplete occlusion.
Hemodynamic and wall thickness measurements were recorded 5, 30, and 60 minutes after LAD occlusion and at hourly intervals thereafter (Fig. 1) . Regional myocardial blood flow was measured 5 minutes and 2 (group I) or 4 (group II) hours after occlusion. Ten minutes before the occlusion was released, after hemodynamic and wall thickness measurements had been obtained, dogs were given an intravenous bolus injection of lidocaine (25 mg), followed by an infusion of 0.5 mg/min for 20 minutes (10 minutes each, before and after reperfusion) to minimize the risk of reperfusion-induced arrhythmias. Dogs were actually subjected to 130 (group I) or 250 minutes (group II) of LAD occlusion, although for simplicity, these occlusive periods hereafter will be referred to as '2 hour' or "4 hour,' respectively. Reflow was allowed by deflating the balloon occluder. If resistance to further inflation of the occluder at the end of the occlusive period was absent at this time, dogs were excluded from study for reasons similar to those cited above. Deflation of the balloon occluder was ensured by applying additional suction to Circulation Research/Vol. 53, No. 2 August 1983 the catheter, and further confirmation of release of the occlusion was provided by observing dramatic, upward shifts in end-diastolic wall thickness of previously hypokinetic or akinetic segments. Dogs were observed for 2 hours following reperfusion. The lidocaine infusion was stopped 10 minutes after releasing the occlusion. Hemodynamic and wall thickness recordings were obtained just before, and 5 minutes after discontinuing the lidocaine infusion, as well as 1 and 2 hours after reperfusion, and RMBF was measured at the latter time point, after which dogs were removed to their quarters. Dogs were returned to the laboratory and studied 24 hours later and at weekly intervals for 4 weeks. Regional myocardial blood flow also was measured after 4 weeks of reperfusion. In addition to their weekly study periods, dogs were observed daily and maintained in good health.
At 4 weeks, hemodynamic and wall thickness measurements were recorded under resting conditions and during inotropic stimulation produced by graded intravenous infusions of dopamine and by elicitation of postextrasystolic potentiation (PESP) to assess the contractile reserve possessed by regional LV segments (Roan et al., 1979) . Postextrasystolic potentiation was produced by delivering electrical stimuli (4.5 msec duration of 1.5-2 X threshold voltage) to the right ventricle with a Grass S88 stimulator, coupled with a Grass SIU5 stimulus isolation unit. Pulses were delivered at the shortest R-stimulus interval at which ventricular capture and a compensatory pause occurred (Fig. 1) . Each dog received 5-8 premature stimuli, with a respite of 20 beats or more between stimuli. After a short rest period, graded infusions of dopamine were given at doses of 5, 10, and 20 MgAg per min. Hemodynamic and wall thickness measurements were recorded after 5-minute infusions at each dose. Ten-minute rest intervals were allowed between successive infusions of dopamine. 
LAD
Post-mortem Tissue Analysis
At the conclusion of the study, dogs were given sodium heparin (5,000 U) intravenously, followed 5 minutes later by a lethal overdose of sodium pentobarbital. The hearts were excised quickly and rinsed under cold tap water. The balloon occluder around the LAD was examined and the patency of the coronary artery was determined by expelling heparinized blood or saline from a 7F polyethylene catheter positioned on the LAD proximal to the occlusion site, and observing the anterograde run-off in the epicardial vessels of the distal LAD bed. Next, to determine the size of the occluded bed (or 'anatomical risk region'), we mounted the heart on a perfusion apparatus similar to that described previously (Reimer and Jennings, 1979; Bush et al., 1982) . The aorta was cannulated and perfused with a warm solution of 0.5% (vol/vol) monastral blue dye (DuPont) in normal saline, and the LAD was cannulated and perfused simultaneously with a warm 1% solution of phosphate-buffered triphenyltetrazolium chloride (Lie et al., 1975) , both at a perfusion pressure of 120 mm Hg. Thus, this method identified the area-at-risk as well as the extent of infarction therein.
After the subendocardial crystals had been removed, the heart was rinsed and sliced into 5-6 transverse sections. The epicardial crystals were left sutured to the myocardium so that crystal pairs could be identified later by wire color coding. The heart slices were fixed in 10% buffered formalin, weighed, and photographed on both sides to measure the extent of infarction and the size of the occluded bed and to record the orientation of the crystal pairs relative to the area-at-risk and infarct. Transmural sections (approximately 1 cm 2 ) encompassing the segment between pairs of endocardial and epicardial crystals were dissected, trimmed of epicardial fat and large blood vessels, and divided into epicardial, midwall, and endocardial thirds. These sections were weighed and placed in scintillation vials containing 10% formalin. Triplicate samples of myocardium from the posterior free wall , representing nonischemic control tissue, were taken for RMBF measurements and, when possible, blocks also were taken from myocardium exhibiting the maximal extent of transmural necrosis and termed 'infarct center." Samples were counted for radioactivity in a Packard Autogamma scintillation spectrometer for 5 minutes with window settings set appropriately for each isotope (Heymann et al., 1977) . Regional myocardial blood flow was calculated by a computer-assisted program and expressed in ml/min per g.
Quantitation of Segmental Necrosis, Area-at-Risk, and Infarct Size
After counting radioactivity for RMBF determinations, epicardial, midwall, and endocardial tissue samples were embedded in paraffin en bloc, sectioned, mounted, and stained with hematoxylin and eosin. Each section was photomicrographed and the areas comprising granulation tissue and fibrosis were interpreted as evidence of prior necrosis and thus termed 'necrotic' The boundaries of 'necrotic areas' were traced on photomicrographs, while the same thick sections were examined by light microscopy. The area of necrosis (relative to total cross-sectional area) was outlined and later measured by planimetry using a digitizing tablet (Talos) coupled with a PDP 11/05 (Digital Equipment) computer, as described previously (Roan et al., 1981) . The term 'total necrosis' represents the weighted average of the transmural segment, i.e., it takes into account differences in the weights of the three layers of tissue. These determinations were made without knowledge of the contractile, hemodynamic, or RMBF data.
The size of myocardial infarcts and areas-at-risk were measured planimetrically, similar to the technique described above. The bed-at-risk was defined as myocardium not stained by the blue dye which was injected via the aorta into all branches of the right and left coronary system proximal to the occlusion site in the LAD. Since the bed-at-risk was perfused simultaneously with tetrazolium solution, this region possessed stained and unstained tissue. These zones were designated uninfarcted (but jeopardized) and infarcted myocardium, respectively. Color slides of both faces of transverse heart slices were illuminated on a transluscent digitizing table, and the outlines of infarcted, jeopardized ("area-at-risk'), and total LV myocardium were digitized. The fractions of total LV area representing the bed-at-risk and the infarcted tissue were multiplied by the weight of each left ventricular slice to obtain the percentage, by weight, of total LV that was infarcted and at risk.
Measurements of LV Segmental Function
Segmental LV wall thickness was measured in millimeters, assuming the speed of sound through myocardium to be 1.5 mm/jisec Theroux et al., 1977) . To correct for the variation in initial separation of crystal pairs, as well as the regional performance of the nonischemic ventricle (LeWinter et al., 1975) , wall thickness measurements are expressed as a percent of preocclusion, or control values (Roan et al., 1979 (Roan et al., , 1981 .
Three measurements of wall thickness were made from which four variables describing regional segmental function were calculated. Left ventricular end-diastolic wall thickness (EDWTH) was determined immediately preceding the rapid upstroke of the LV pressure tracing and at the nadir of wall thinning caused by atrial contraction. This time point also defined as the point immediately before the upstroke of the LV dP/dt signal Roan et al., 1979) . The maximal extent of LV segmental wall thickening was defined between peak positive and negative LV dP/dt, which correspond closely to aortic valve opening and closure, respectively. When appropriate, the maximal extent of wall thinning (paradoxical wall motion) also was measured during this interval. The variable net systolic wall thickening (NET), as defined previously (Roan et al., 1979) , equals the difference between maximal systolic wall thickness and EDWTH, minus the extent of paradoxical wall thinning, if present. Analog wall thickness tracings and hemodynamic recordings were digitized with a Graf/Pen (Science Accessories Corp.) coupled to a DEC 10 computer (Roan etal., 1979) .
Calculations
In the analysis of regional LV contractile function, segments were classified according to their severity of dysfunction 1 hour after LAD occlusion: class 1 segments displayed minimal ischemic dysfunction, possessing 67% or greater of their pre-occlusion values for NET; class 2 consisted of segments that displayed moderate dysfunction, defined as those with NET values of 0-66.9% of control NET; class 3 segments showed severe contractile dysfunction, manifested by paradoxical systolic wall thinning. Segments in this class had NET values <0% of their control values.
Statistical Methods
All values are expressed as mean ± 1 SEM. Comparisons between group I and II dogs for certain variables were made with a two-tailed Student's group f-test. Repeated measured analyses within segment classes over time, or between classes within a time period, were performed by two-way analysis of variance (Barr et al., 1976 ) plus Duncan's multiple range test (Duncan, 1955) . The probability (P) was considered to be statistically significant when less than 0.05. Comparisons of values of hemodynamic parameters between two specific time points (e.g., pre-vs. immediately post-occlusion) were made with a paired f-test (Zar, 1974) . Comparisons with pre-ocdusion control for NET and EDWTH data were made using a one-sample f-test, since the control value was constant (100%). However, to correct for multiple comparisons in these analyses (Bonferroni's method), P was considered to be statistically significant if <0.005 (Miller, 1966) . Similarly, comparisons of NET values obtained during inotropic stimulation to resting values at 4 weeks were done using P < 0.01 as a level of statistical significance (Miller, 1966) .
Results
Hemodynamic Changes
Heart rate increased acutely with LAD occlusion, from 105 ± 4 to 120 ± 6 beats/min in group I dogs (P = 0.012 paired f-test; P > 0.05 Duncan's multiple range test), and from 1 1 5 ± 4 t o l l 8 ± 4 beats/min [P = not significant (NS)] in group II dogs (Table 1) . Heart rate returned to normal as LAD occlusion ensued, but increased again during the first 24 hours of reperfusion, due largely to reperfusion-induced arrhythmias, which were characterized usually as unifocal or multifocal premature ventricular contractions. In view of the possible effects of premature ventricular contractions on global and regional contractile function , care was taken to digitize LV wall motion during intervening periods of sinus rhythm or, if necessary, during stable idioventricular rhythms. If no intervening periods of normal sinus or stable idioventricular rhythms occurred at 24 hours (or any other time point), wall motion measurements were not obtained. In general, the incidence and severity of ventricular arrhythmias during the first 24 hours of reperfusion were greater in group II dogs, e.g., 10 of 14 (group II) vs. 5 of 12 (group I) [P = 0.103 (x 2 analysis)]. Heart rate returned to normal after 2 weeks of reperfusion in both groups of dogs and was nearly identical to control values by 4 weeks. Mean left atrial pressure (ATM) increased from 9.5 ± 1.1 to 12.8 ± 2.0 mm Hg and from 8.4 ± 1.1 to 10.4 ± 1 . 3 mm Hg immediately (5 min) after LAD occlusion in group I and II dogs, respectively. These changes were significant by a paired f-test (P = 0.016 and 0.004, respectively), but not by Duncan's multiple range test. ATM remained elevated during LAD occlusion and early reperfusion, but gradually returned to normal levels after 1 month of reperfusion. No major changes in arterial blood pressure occurred during LAD occlusion or reperfusion in either group Circulation Research/Vol. 53, No. 2 August 1983 of dogs. The maximum rate of left ventricular pressure development (LV dP/dt) decreased acutely with LAD occlusion in both group I (3146 ± 89 to 2913 ± 117 mm Hg/sec) and group II dogs (3002 ± 153 to 2724 ± 125 mm Hg//sec). Again, these changes were statistically significant based upon a paired f-test comparison between control and 5-minute post-occlusion time points, but not by Duncan's multiple range analysis. Values for this parameter reached their nadir during early reperfusion in both groups and returned to normal in group I dogs, but remained depressed throughout the remainder of the study in group II dogs. The product of heart rate and systolic arterial pressure (X 1,000), an indirect index of myocardial energy demand, increased from 15.1 ± 0.9 to 16.9 ± 1.2 mm Hg'min immediately after LAD occlusion, reached a nadir of 13.9 ± 0.6 1 hour after reperfusion, and a maximum value of 17.9 ± 0.8 at 24 hours post-reperfusion in group I dogs. The double product declined with LAD occlusion in group II dogs, due largely to the higher control heart rates in this group. Values for this parameter declined progressively with increasing duration of occlusion, reaching a minimum value at 4 hours post-occlusion (14.1 ± 0.9) and a maximum value at 24 hours (18.7 ± 0.9). Table 2 shows the hemodynamic responses to graded infusions of dopamine 4 weeks after reperfusion. Minimal changes in heart rate, left atrial pressure, or aortic pressure occurred during dopamine infusion at doses of 5 and 10 jtg/kg per min, but peak LV dP/dt increased uniformly in both groups at doses of 10 and 20 /xg/kg per min. The highest dose of dopamine also caused an increase in aortic pressure. These hemodynamic responses to dopamine agree with those reported previously (Goldberg, 1972) .
lidocaine, which was given to all dogs to minimize the incidence of reperfusion-induced arrhythmias, had little or no effect on hemodynamic parameters which were recorded after 20 minutes of infusion and 5 minutes after termination. Heart rate was 114 ± 6 and 120 ± 7 beats/min, mean aortic pressure was 108 ± 3 and 109 ± 4 mm Hg, and peak LV dP/dt was 2,723 ± 131 and 2,654 ± 126 mm Hg/sec before and after discontinuation of lidocaine, respectively. The dose of lidocaine and duration (20 minutes) of its administration in this study are substantially less than those reported to reduce experimental myocardial infarct size (Nasser et al., 1980) .
LV Segmental Wall Thickness
Thirteen dogs in group I yielded a total of 51 LV regional segments, comprising 10 class 1 segments (obtained from nine dogs), 14 class 2 segments from nine dogs), and 27 class 3 segments (from 12 dogs). Eighteen class 1 segments (from 10 dogs), 24 class 2 segments (from 12 dogs), and 19 class 3 segments (from 12 dogs) were obtained from 14 group II dogs. Grp I -dogs subjected to 2 hours of LAD occlusion; Grp II = dogs subjected to 4 hours of LAD occlusion, HR -heart rate (beats/mm); ATM = mean left atrial pressure (mm Hg); AOS -systolic aortic blood pressure; LV dP/dt = maximum rate of left ventricular pressure development (mm Hg/sec). HR X AOS (X10*) -product of heart rate and aortic systolic pressure (mm Hg/min), an index of myocardial energy demand; Nt -number of dogs at the control (pre-ocdusjon) time point; N 2 •= number of dogs in which the parameter was measured at 4 weeks post-reperfusion.
* Significantly differ (P < 0 05) from control (Duncan's multiple range test). t Significantly different (P < 0.05) from control (paired (-test) A total of 54 segments were eliminated from analysis due to technically inadequate signals either before or after beginning the study.
Changes in End-Diastolic Wall Thickness (EDWTH)
Group I. The control value of EDWTH for all segments in group I dogs was 9.75 ± 0.23 mm, in close agreement both with previously reported values for this variable Osakada et al., 1980) , and with actual left ventricular free wall thickness. In addition, there were no significant differences between segment classes in this parameter. The time-dependent changes in EDWTH during 2 hours of LAD occlusion and 4 weeks of reperfusion are shown in Figure 2 . Segments with minimal contractile dysfunction (class 1) displayed insignificant changes in EDWTH during LAD occlusion or reperfusion, whereas hypokinetic (class 2) and dyskinetic (class 3) segments both demonstrated significant declines in EDWTH immediately after proximal LAD occlusion (Fig. 2) . After 1 hour of occlusion, class 2 and 3 segments displayed 5.0 ± 1.1 and 6.4 ± 1.0% reductions of EDWTH, respectively. The EDWTH of class 2 and 3 segments was depressed maximally by 1 hour post-occlusion. Upon reperfusion, class 2 and 3 segmental EDWTH increased to values exceeding control values. Class 3 segments displayed the greatest increase in this parameter, reaching values of 124.0 ± 3.3% and 124.7 ± 3.3% at 1 and 2 hours post-reperfusion, respectively. The EDWTH of these (class 3) segments decreased after 24 hours of reperfusion, although they were still significantly elevated at this time. Class 2 segmental EDWTH also increased during reperfusion, but less than that in class 3 segments. The EDWTH of class 2 and 3 segments gradually returned toward control values over 4 weeks of reperfusion.
Group II, The mean control value of EDWTH in dogs that underwent 4 hours of LAD occlusion was 9.70 ± 0.24 mm. The changes in EDWTH which occurred during 4 hours of LAD occlusion and 1 month of reperfusion are shown in Figure 2 . The EDWTH of minimally dysfunctional (class 1) segments declined slightly, but significantly, to 96.0 ± 0.96% of control after 1 hour of LAD occlusion. Similar to the pattern observed in group I dogs, class 9.6 ± 1.8 9 8 ± 0.9 154 ± 6 146 ± 7 101 ± 7 89 ± 6 118 ± 6 108 ± 6 4472 ± 206* 3645 ± 52* 20 102 ± 6 104 ± 9 13 6 ± 1 2* 10.9 ± 1.2 176 ± 8* 169 ± 11* 112 ± 7* 101 ± 7* 133 ± 7* 127 ± 7 5202 ± 279* 4236 ±401* See Table 1 for explanation of abbreviations. All hemodynamic measurements were recorded after 5 minutes of dopamire infusion at each dose level. * Significantly different (P < 0.05) from resting value at 4 weeks (4 wk) (analysis of variance).
2 and 3 segments displayed even greater declines in EDWTH after coronary occlusion, reaching a nadir by 1 hour post-occlusion: 93.38 ± 1.06 and 91.31 ± 1.63%, respectively.
With reperfusion, the EDWTH of class 2 and 3 segments exceeded their control values, and this significant elevation of EDWTH in class 3 segments was maximal within the first hour after reperfusion, but persisted for 24 hours and gradually declined to near-normal during the ensuing month of reperfusion. This recovery of EDWTH to normal appeared to occur more slowly in dogs that underwent 4 hours of LAD occlusion, although the EDWTH of class 3 segments was not significantly different from control values by 1 week. Inexplicably, class 1 segmental EDWTH fell between 24 hours and 1 week postreperfusion and remained below control levels during the remainder of the reperfusion period, but this reduction of EDWTH was significant only at 1 week post-reperfusion.
Changes in Net Systolic Wall Thickening (NET)
Group I. The mean control value for NET was 2.09 ± 0.12 mm for all segments in group I dogs. Thus, wall thickness increased 21% over EDWTH during systole (Fig. 1) , which compares favorably with values reported previously Osakada et al., 1980) . Figure 3 shows the changes in NET during LAD occlusion and after 4 weeks of reperfusion. The contractile function of class 1 segments was depressed minimally during LAD occlusion (NET = 89.2 ± 6.4% of control at 60 minutes post-occlusion). The NET of these segments declined to 69.0 ± 6.7 at 24 hours post-reperfusion, but returned to near-control values by 4 weeks (NET = 89.5 ± 10.5%). Class 2 segmental function in this group of dogs was 31.6 ± 4.8% of control after 60 minutes of LAD occlusion and remained depressed during the first 24 hours after reperfusion. During the first week of reperfusion, NET of class 2 segments increased from 24.3 ± 5.9% (at 24 hours) to 54.1 ± 8.0% (P < 0.05, 24 hours vs. 1 week) and improved further over the next 3 weeks. After 4 weeks of reperfusion, these segments recovered 65.5 ± 9.4% of their original (pre-occlusion) contractile function (P < 0.05 vs. values during occlusion and early reperfusion). After LAD occlusion, class 3 segments displayed paradoxical systolic wall thinning (NET = 43.1 ± 5.6 of control at 60 minutes postocclusion). These segments showed small changes in NET during the remainder of occlusion and demonstrated a further (but not significant) decline in contractile function during the first 24 hours of reperfusion. In a manner similar to that of class 2 segments, there was a significant increase in NET during the first week following reperfusion, after which the mean value of NET for these segments was 0.4 ± 8.4% of control. Thus, during the first week, class 3 segments, which originally were severely dysfunctional, became essentially akinetic. Over the next 3 weeks, NET reached a value of 26.2 ± 9.1 at 4 weeks (P < 0.05 vs. 1 week value).
Group II. The average control systolic wall thickness of all segments in dogs that underwent 4 hours of IAD occlusion was 1. decreases in NET during LAD occlusion [N = 90.8 ± 3.9% of control 1 hour after occlusion, (Fig. 3) ]. After reperfusion, these segments showed further declines in NET. However, these values were not significantly different from control. After 4 weeks of reperfusion, class 1 segmental NET was 88.2 ± 14.8% of control. Class 2 and 3 segments showed changes in NET during coronary occlusion and early reperfusion similar to those in group I dogs. However, unlike their group I counterparts, moderately dysfunctional (class 2) segments snowed no significant improvement of contractile function throughout the month of reperfusion (NET = 36.6 ± 9.6 at 4 weeks). Class 3 segmental NET increased significantly between 24 hours and 1 week (-28.7 ± 11.1 to 10.4 ± 12.0; P < 0.05), but there was no further improvement of contractile function in these segments during the ensuing 3 weeks. In fact, between 1 and 4 weeks post-reperfusion, class 3 segments vacillated between minimal systolic thickening and paradoxical thinning.
Comparisons between class 2 NET values at 4 weeks in groups I and II yielded a P value of 0.067 (NS). However, the overall recovery, or change in NET between 1 hour post-occlusion and 4 weeks post-reperfusion was significantly greater in group I dogs (P = 0.03). Comparisons between group I and II dogs revealed no other significant differences in actual values of NET or the changes thereof over time after reperfusion.
Responses of Class 2 and 3 Segments to Inotropic Stimulation
Group I. The changes in segmental NET during inotropic stimulation with dopamine infusion and PESP after 4 weeks of reperfusion are shown in Figure 4 . For technical reasons, one dog in this group was not given dopamine, and the segmental responses to PESP were not studied in two dogs. Therefore, the resting NET values of class 2 and 3 segments used for comparison with values obtained during inotropic stimulation were 75.5 ± 7.9 and 5.8 ± 9.7% of control, respectively. Consistent with the observed hemodynamic changes, the lowest dose of dopamine (5 Mg/kg per min) affected NET minimally in both class 2 and 3 segments. Class 2 segmental NET increased to 88.5 ± 8.4 in response to the highest dose of dopamine, and to 92.7 ± 7.3 during PESP (P = 0.004). The NET of class 3 segments increased significantly in response to dopamine at doses of 10 and 20 Mg/kg per min. The NET 
FIGURE 3. Alterations in NET (expressed as a percentage of control value) during LAD occlusion (Occl) and reperfusion (Rep). Segments with NET values below zero displayed paradoxical wall thinning. Numbers in parentheses indicate the number of segments within that class. Asterisks denote significant difference, compared to pre-occlusion control value (P < 0.005). • Indicates that value of NET is significantly greater than NET values at preceding time points (P < 0.05, Duncan's Multiple Range Test). + = the overall recovery (NET at 4 weeks reperfusion vs. NET at 1 hour post-occlusion) of NET in class 2 segments was significantly greater in group I dogs (P < 0.05).
of these segments also increased significantly with PESP, which again, produced the greatest inotropic response (25.8 ± 9.7 to 49.7 ± 12.7; P = 0.002). Group 11. Dopamine did not significantly increase the NET of class 2 or 3 segments in dogs that underwent 4 hours of ischemia, but class 2 NET did increase significantly from 36.5 ± 9.6 to 47.9 ± 10.2% of control (P = 0.005) in response to PESP (Fig. 4B) . Class 3 segmental function did not increase significantly with either dopamine or PESP.
Regional Myocardial Blood Flow
Group I. The mean weights of epicardial, midwall, and endocardial samples for all segments in group I dogs were 0.89 ± 0.3 g, 0.80 ± 0.05 g, and 0.64 ± 0.04 g, respectively. Class 1 segments did not undergo significant changes in blood flow during LAD occlusion of reperfusion (Table 3) , although the transmural distribution of flow changed due to a 19% decline (NS) in endocardial flow and a 42% increase in epicardial flow (NS). Endocardial blood flow to class 2 segments declined significantly after LAD occlusion, from 0.99 ± 0.08 ml/min per g to 0.56 ± 0.14 ml/min per g, 5 min after occlusion.
A.
Class 2 Segments
Class 3 Class 3 segments sustained even greater declines in RMBF after LAD occlusion; endocardial flow in these segments decreased from 1.07 ± 0.08 to 0.38 ±0.14 ml/min per g (P < 0.05) and subepicardial flow fell from 0.97 ± 0.08 ml/min per g to 0.45 ± 0.09 ml/min per g (P < 0.05). The transmural distribution of blood flow also decreased significantly after LAD occlusion. Blood flow in myocardium sampled from the infarct center decreased slightly more (although not significantly) than in class 3 segments; endocardial blood flow fell from 1.17 ± 0.13 ml/min per g to 0.23 ± 0.08 ml/min per g (P < 0.05). After 2 hours of LAD occlusion, blood flow to class 3 segments and the infarct center tended to be greater than at 5 minutes post-occlusion, although this increase was not significant (as determined by Duncan's multiple range test). The only significant change in RMBF that occurred between 5 minutes and 2 hours post-occlusion in group I dogs was a decline in epicardial flow from 1.30 ± 0.19 to 0.74 ± 0.09 ml/min per g, in class 1 segments. Blood flow to class 2 and 3 segments and the infarct center returned to normal with reperfusion, but was reduced significantly only in the endocardial layer of class 2 segments after 4 weeks of reperfusion. Interestingly, the greater recovery of class 2 segmental function in group I dogs was not associated with higher blood flow to these segments after 4 weeks of reperfusion. Group H. The mean weights of epicardial, midwall, and endocardial LV segments were 0.89 ± 0.06 g, 0.79 ± 0.05 g, and 0.68 ± 0.06 g, respectively. These values did not differ significantly from the respective values in group I dogs. Blood flow to class 1 segments did not change significantly after LAD occlusion (Table 4) . Endocardial blood flow in class 2 segments declined significantly during LAD occlusion from 1.31 ± 0.13 ml/min per g to 0.71 ± 0.12 ml/min per g, 5 minutes after LAD occlusion. Class 3 segments underwent greater reductions in RMBF during LAD occlusion. Endocardial blood flow fell from 1.27 ± 0.14 to 0.28 ± 0.08 ml/min per g after 5 minutes of LAD occlusion. Blood flow to severely dysfunctional segments and the infarct center increased between 5 minutes and 4 hours post-occlusion, although RMBF values in these regions were still significantly below control values. As with RMBF changes in group I dogs, although flows in ischemic segments were higher at the end of the occlusive period, a similar relationship between the decrements in flow and the degree of contractile dysfunction existed. Blood flow in class 3 segments returned to normal levels after 2 hours of reperfusion, but at 4 weeks, transmural blood flow was reduced significantly. Blood flow in the infarct center was slightly more reduced than in class 3 segments with LAD occlusion and the pattern of RMBF changes during immediate and late reperfusion periods was similar to those displayed by class 3 segments.
Myocardial Necrosis
Postmortem inspection of hearts revealed a small layer of fibrotic adhesions over epicardial crystals, but little myocardial necrosis caused by these crystals was observed. Similarly, endocardial crystals were surrounded by a thin (~0.5 mm thick) rim of necrosis.
Segmental Necrosis
Group I. The extent of histological necrosis in class 1, 2, and 3 LV segments, as well as in tissue samples taken from the infarct center, is shown in Table 5 . Necrosis in the endocardial and midwall layers exceeded that in the epicardial layers, although this was not uniformly significant. The extent of endocardial necrosis was greatest in the infarct center (57.6 ± 10.8%) followed by that in class 3 (34.0 ± 7.0%), class 2 (22.5 ± 7.1), and class 1 segments (5.3 ± 2.1%). Thus, in general, the extent of segmental Abbreviations are the same as in Table 3 . Within time point and LV wall layer, values with the same letter superscript are not significantly different from each other (ANOVA and Duncan's multiple range test).
' Significantly different (P < 0.05) from control (ANOVA and Duncan's multiple range test).
necrosis paralleled the degree of contractile dysfunction in the three classes of segments. Group II. As with group I dogs, necrosis was greatest in the endocardial layers, but this difference was significant in class 1 segments only (Table 5) . Endocardial necrosis was greatest in class 3 segments (34.6 ± 6.8%) and infarct center [(56.9 ± 14.9%); P < 0.05 INF vs. class 3], followed by class 2 (23.7 ± 6.2%) and class 1 (12.6 ± 6.5%). There was no significant difference in the extent of segmental necrosis between groups I and II within any segment class, at any level.
In most dogs, postmortem perfusion staining of hearts for delineation of the area supplied by the occluded LAD (*area-at-risk*) and infarct size revealed a rim of subendocardial necrosis which penetrated the middle layer of the ischemic area to a variable extent. The mass of the bed-at-risk (expressed as a percentage of the total LV mass) was 19.7 ± 1.5% in group I, and 19.8 ± 2.4% in group II dogs (Table 6 ). Infarct size was not different in the two groups of dogs.
Discussion
Previously, we have demonstrated that moderately dysfunctional (class 2) or severely dyskinetic (class 3) LV segments undergo little or no improvement of contractile function during 1 week after permanent LAD occlusion in conscious dogs (Roan et al., 1979) . In those studies, it was shown that class 2 segments (as defined in this study) display significant contractile reserve for as long as 24 hours after coronary occlusion, whereas class 3 segments exhibited contractile reserve for only 2 hours following LAD occlusion, suggesting that the time limit after occlusion for significant reversal of segmental dysfunction depends upon the duration of occlusion as well as the severity of ischemia-induced contractile dysfunction.
The results of the present study indicate that if reperfusion is instituted after 2 hours of LAD occlusion, class 2 segmental function is eventually restored to near pre-occlusion levels, whereas severely dysfunctional segments undergo a reversal of their paradoxical systolic wall thinning plus a recovery of 25% of their control NET. In contrast, 4 hours of LAD occlusion followed by 1 month of reperfusion results in persistent contractile dysfunction in class 2 segments which showed practically no improvement of contractile function. Although group II, class 3 segments underwent a reversal of their paradoxical wall thinning, they were essentially akinetic after 4 weeks of reperfusion. Unlike class 3 segments in group I dogs, however, these segments did not demonstrate further improvement of contractile function between 1 and 4 weeks post-reperfusion.
Our results generally are similar to those reported 3.8 ±2.0* 6 3 ± 2 2*-b 1 8 ± 1.0* 8.7 ± 3.2" 5 3 ± 2 1' 12 6 ± 6.5'* 3.8 ± 1 1" 8.6 ± 2 9* Within the same group and LV wall layer, values with different letter superscripts are significantly different from each other (P < 0.05; ANOVA, Duncan's multiple range test)
• = Indicates significant difference (P < 0.05) within a given group and class between LV wall layers.
previously by Theroux et al. (1976) , who compared the recovery of LV segmental systolic shortening in awake dogs subjected to 2 hours of left circumflex occlusion plus 1 month of reperfusion with a group that underwent 4 weeks of permanent coronary occlusion. In their study, "marginally ischemic' segments (which roughly correspond to our class 2 segments) exhibited late, but significant, eventual recovery of contractile function and end-diastolic length, while "ischemic' segments recovered approximately one-half of their original segmental shortening. In contrast, "marginally ischemic' and 'ischemic' segments in dogs with permanent cir- cumflex occlusion recovered significantly less contractile function than their corresponding segments in the reperfused group. Direct comparisons between the present study and that of Theroux et al. (1976) may be complicated by differences in classifying regional segments. Also, Theroux et al. (1976) measured subendocardial segmental shortening, rather than wall thickening, but Sasayama et al. (1976), and Heyndrickx et al. (1978) have shown that the two methods of examining segmental LV function result in parallel changes with experimental coronary occlusion. A potential criticism of measuring wall thickening as an index of LV segmental function is that the method does not differentiate between true systolic wall thickening and spurious increases in this variable due to translational or rotational ('shear') movements of the LV wall. However, using a triangulation technique for studying segmental wall thickness, Osakada et al. (1980) have shown that, with careful placement of the endocardial crystal, the contribution of these factors to segmental wall thickness measurements is trivial. In this study, the endocardial crystals were removed before the heart was sliced, which precluded confirmation of the exact alignment of crystal pairs. It is likely that some segments were not aligned exactly parallel to the small axis of the heart. However, since we related changes in segmental wall thickening to each seg-ment's pre-occlusion behavior, it is more critical that the crystals remain in their original positions. Therefore, we excluded crystal pairs with poor signal quality, those that did not display normal, uninterrupted systolic wall thickening before LAD occlusion, and those that underwent large, spontaneous changes in EDWTH after the initial 24 hours of reperfusion, suggesting that misalignment of crystal pairs occurred.
In this study, the latent contractile reserve of regional LV segments was determined by their response to inotropic stimulation with dopamine infusion and premature electrical stimulation (Crozatier et al., 1977; Roan et al., 1979) . As shown previously, PESP produced the greatest inotropic response, regardless of group or segment class. Dopamine at doses of 10 or 20 Mg/kg per min was variably effective in increasing NET. Dopamine, at 5 Mg/kg per min did not produce a significant inotropic effect nor a consistent change in NET. The magnitude of the response to inotropic stimulation appeared to depend upon the degree of recovery of contractile function. Group I, class 2 segments exhibited significant contractile reserve, reaching a maximal NET of 93 ± 7% during PESP, suggesting that these segments might eventually regain nearly complete recovery of contractile function with either longer reperfusion periods or with selected pharmacological interventions. Also, the NET of group I, class 3 segments doubled in response to PESP. In comparison, the maximum values of NET attained by class 2 and 3 segments with PESP in group II dogs were 53 ± 11 and 35 ± 16% of their respective control NET, substantially less than their group I counterparts. In fact, the class 2 segments in group II resembled the group I, class 3 segments, with respect to eventual recovery of segmental function and maximal inotropic response. The small recovery of NET (12%) in class 3 segments after 4 hours of LAD occlusion and 4 weeks of reperfusion, coupled with their lack of response to inotropic stimulation, indicates that these segments possess little potential for important improvement of contractile function.
An important observation from these studies was that, regardless of segment class or duration of LAD occlusion, reperfusion exacerbated segmental dysfunction, an effect which persisted for 24 hours after reperfusion. This observation has important clinical and experimental implications. Clearly, detection of wall motion abnormalities early after a temporary ischemic event may result in inaccurate prognostication. Considerable experimental evidence exists showing that erroneous conclusions regarding the effects of reperfusion after 1 or more hours of experimental coronary occlusion can result from limiting the observation period following reflow to several hours (Lang et al., 1974; Weiner et al., 1976 proved gradually over this time. The following 3 weeks represent a period during which further, but more gradual improvements of segmental function occur. This pattern of recovery is consistent with the results of previous investigators (Theroux et al., 1976; Costantini et al., 1975) .
Acute LAD occlusion caused a prompt, significant decline in EDWTH of both class 2 and 3 LV segments, which is interesting, since only the latter exhibited paradoxical systolic wall thinning. The decline in EDWTH in class 2 segments during ischemia may be related to the characteristically high resting tension of cardiac muscle (Abbott and Gordon, 1975) . Previous studies have demonstrated that marginally ischemic segments undergo an increase in end-diastolic length, combined with a decline in systolic segmental shortening . Decreases in EDWTH, which reflect regional LV wall dilation probably resulted in increased wall stress in both class 2 and 3 segments; this may have allowed class 2 segments to exploit the Frank-Starling relationship (Theroux et al., 1974) .
With reperfusion, the EDWTH of class 2 and 3 segments increased to values significantly higher than before or during LAD occlusion to a degree that seemed to be inversely related to the extent of ischemia-induced wall thinning. Interestingly, the elevated EDWTH during early reperfusion appeared to be related more to changes in blood flow than to systolic wall thickening since all segments displayed either no change or declines in NET during this interval.
The nature of the elevated EDWTH associated with reperfusion in class 2 and 3 is not clearly understood. Cell swelling, vascular endothelial damage, and interstitial edema have been observed in reperfused myocardium by several investigators (Bresnahan et al., 1974; Willerson et al., 1977) . Willerson et al. (1977) have demonstrated, in isolated blood-perfused canine hearts, that 40 minutes of LAD occlusion after 20 minutes of reperfusion causes an increased mass, interstitial fluid accumulation, and identifies impaired cell volume regulation. Perhaps a component of the elevated EDWTH during reperfusion is also attributable to contracture. Gaasch et al. (1979) have reported that 2 hours of global ischemia followed by reperfusion in isolated blood-perfused canine hearts results in increased diastolic wall thickness and stiffness, which they attributed partly to ischemic contracture. Theroux et al. (1976) have also attributed elevated end-diastolic wall thickness of ischemic-reperfused segments to increased stiffness.
The results obtained from measurements of segmental histological necrosis, infarct size, and areaat-risk are important in several respects. It is apparent that increasing segmental contractile dysfunction was accompanied by significantly increased histological necrosis. However, increasing the duration of LAD occlusion from 2 to 4 hours, did not result in significantly greater histological necrosis in any segment class. When comparing class 2 segmental necrosis between group I and II dogs, it appears that the greatest difference (although not significantly different), occurred in the epicardial layer, whereas insignificant differences in necrosis were found in the midwall or endocardial layers (see Table 5 ). Consistent with histological findings, infarct size also was comparable between group I and II dogs, regardless of whether this parameter was expressed as a percent of the LV or anatomical area-at-risk. It was also important to confirm that the average areas-at-risk were not different (19.7 ± 1.5 vs. 19.8 ± 2.4% of LV mass) between group I and II dogs, since Lowe et al. (1978) and Jugdutt et al. (1979) , have shown that the extent of ischemic injury is related to the size of the occluded coronary bed. Thus, the lack of recovery of class 2 segmental function in group II dogs cannot be attributed solely to increases in histological necrosis. These observations imply that, despite 4 weeks of reperfusion, apparently reversibly injured tissue in class 2 segments possesses some yet undefined defect in contractile function. Perhaps, even after 1 month of reperfusion, myocytes within these segments are still metabolically dysfunctional (e.g., unable to produce and/or utilize high energy phosphates), or possess a defect in calcium transport, or both. There is increasing experimental evidence to support suggestions that these segments possess a metabolic defect (Kloner et al., 1981; Swain et al., 1982) ; the lack of significant inorropic response of group II, class 2 segments to PESP could be caused by either or both mechanisms.
It should be noted that the segmental dysfunction observed within 2 and 4 hours of LAD occlusion and reperfusion was not accompanied by large infarcts. It is possible that more extensive necrosis and more severe contractile dysfunction would have occurred if we had produced larger areas of ischemia by occluding more proximally on the LAD, or by maintaining the occlusion for a longer period. However, in our study, we were able to obtain many severely and moderately dysfunctional segments by rendering, on the average, only one-fifth of the LV ischemic. It is difficult to predict what pattern of segmental dysfunction and recovery would have occurred if all segments underwent as severe ischemia as tisssue sampled from the infarct center. However, RMBF in these two areas differed significantly only in endocardial flow during LAD occlusion. The apparent discrepancy between the small infarcts produced in groups I and II and the functional recovery of class 2 segments only serve to underscore the powerful influence of the early institution of reperfusion.
Previous studies from other laboratories Gallagher et al., 1980; Vatner, 1980) , as well as our own (Roan et al., 1981) , have demonstrated a correlation between the extent of regional LV segmental dysfunction and the degree of ischemia. In general, a similar relationship between these parameters existed in the present study. The regression equation for the combined groups I and II was: Y(flow) = 0.61 + 0.052 X (NET) R = 0.476, P < 0.001 Blood flow to class 3 segments and the infarct center increased between 5 minutes and either 2 or 4 hours in both groups of dogs. This increase was not statistically different from the 5-minute post-occlusion value and probably not important physiologically. Although class 3 segments in group II dogs displayed a spontaneous, progressive increase in NET during this interval, it is difficult to know how much of this is attributable to collateral flow (Schaper, 1971) or progressive stiffening. It is unlikely that these selective, small increases in NET were due to leakage or slippage of the balloon occluder, since one would expect simultaneous and comparable increases in NET to all segments if this were true. Furthermore, the criteria that we used to check the balloon occlusion eliminated obvious cases of balloon failure.
The increases in collateral blood flow to severely ischemic segments were comparable in groups I and II, although direct comparisons between end-occlusion flows may be inappropriate since these time points differed by 2 hours. However, it does not appear that the greater recovery of class 2 segmental function with long-term reperfusion in group I can be ascribed to differences in the severity of ischemia during LAD occlusion.
Although blood flow returned to near normal with acute reperfusion in class 2 segments, flow to the inner wall of these segments was depressed significantly at 4 weeks. Interestingly, blood flow in class 2 segments after 4 weeks of reperfusion was similar or slightly greater in group II dogs, indicating an apparent lack of correlation between blood flow and segmental function after 4 weeks of reperfusion. This depression of blood flow at 4 weeks was even more prominent in class 3 segments, suggesting that blood flow was diverted away from necrotic myocardium, an observation consistent with that reported previously by Hirzel et al. (1976) , and Rivas et al. (1976) .
An important assumption of the microsphere technique for measuring RMBF is that microspheres become permanently entrapped in the heart (Heymann et al., 1977) . It has been suggested that microsphere loss from injured, necrotic myocardium occurs, based on disparate preocclusion flow values between nonischemic and involved regions of the LV. Changes in the density of injured or infarcted myocardium can occur due to edema, resulting in spuriously low blood flow values, or 'apparent microsphere loss' (Reimer and Jennings, 1979) . In addition, results of studies by Capurro et al. (1979) and Jugdutt et al. (1979) suggest that leaching of microspheres from necrotic myocardium occurs to a variable degree, the extent of which depends upon the degree of ischemic injury. In addition, spuriously high RMBF values can result from replacement of infarcted myocardium by a smaller volume of scar tissue (Reimer and Jennings 1979) . For calculated flows to have been increased artifactually, due to scar formation, one would expect pre-occlusion blood flow to be progressively higher from class 1 to class 3 (and infarct center) segments, since myocellular necrosis was greater in the latter. Although pre-occlusion blood flow in group II dogs tended to be higher in class 2 and 3 segments, which contained greater amounts of necrosis, these differences were not statistically significant. Moreover, the major focus of this study was to evaluate the recovery of segmental function with long-term reperfusion after 2 and 4 hours of coronary occlusion. Regional myocardial blood flow was measured primarily to verify that myocardial ischemia (and reperfusion) was produced in these LV segments and that progressively greater segmental dysfunction was associated with more intense ischemia, rather than to document absolute blood flow alterations occurring with varying periods of coronary arterial occlusion and reperfusion. Possible artifactual alterations in RMBF did not prevent us from achieving these objectives in this study.
In summary, the results of this study show that significant recovery of contractile function occurs at moderately dysfunctional LV segments with longterm reperfusion after 2 hours of LAD occlusion; severely dysfunctional segments exhibit a reversal of their paradoxical wall thinning plus a recovery of 26% of their pre-occlusion NET. Both class 2 and 3 segments at 4 weeks display significant contractile reserve, as assessed by their response to inotropic stimulation with dopamine and PESP. In contrast, class 2 segmental function is not significantly improved with 4 weeks of reperfusion after 4 hours of LAD occlusion. Despite a reversal of paradoxical wall thinning, class 3 segments in group II dogs were essentially akinetic after 4 weeks of reperfusion. The NET of class 2, but not class 3 segments, increased significantly during inotropic stimulation. Thus, significant return of segmental LV function occurs with 1 month of reperfusion after 2 hours, but not after 4 hours of proximal LAD occlusion.
